A series of N-rate experiments was previously conducted in spring wheat, corn and 26 sunflower in North Dakota indicated that less N was required when fields were in 6-years or 27 more continuous no-till compared to conventional till. The objective of this study was to 28 determine whether part of the reason for the decreased requirement for N was the greater activity 29 of asymbiotic N-fixing organisms. Twelve paired-samplings were conducted in 2018. A surface 30 0-5cm deep sample was obtained in a long-term no-till field directly across the fence/road from a 31 similar soil in conventional till. Samples were incubated in an acetylene-reduction procedure to 32 estimate N fixation rate. Ten of twelve paired samplings had greater asymbiotic N fixation 33 compared to the conventional till counterpart. This indicates that long-term no-till soils support 34 greater N production from soil microorganisms than conventional till soils, which would result in 35 lower input costs to no-till farmers. 36 37 157 ¶Assumes 1.4 g soil cm -3 , ratio of C 2 H 4 : N 2 reduced is 3:1. Reduction under incubation 158 conditions. 159 160 Discussion 161
Introduction 38
Microbial biomass is usually greater in no-till soils than soils in conventional-till systems 39 (Feng et al., 2003; Helgason et al., 2009) . Analysis of over 100 nitrogen (N)-rate trials in spring 40 wheat and durum wheat, over 120 N-rate trials in corn and over 30 N-rate trials in sunflower 41 conducted in North Dakota shows that long-term no-till sites (greater than 6 years continuous no-42 till management) require less N to achieve maximum economic yield than conventionally tilled 43 sites (Franzen, 2016; 2017; 2018) . 44 It is possible that one explanation for the reduced N required in no-till sites is generally 45 greater N use efficiency and protection from leaching/denitrification due to microbial N uptake. 46 Another possible reason for reduced N requirement in long-term no-till is greater N fixation from asymbiotic N-fixing organisms. These are free-living organisms and do not have a symbiotic 48 relationship with plant roots as do Rhizobium, Bradyrhizobium, or other symbiotic bacteria 49 important to legumes. According to Roper and Gupta (2016) , most soil nitrogenase enzyme is 50 found in species within the Bacteria and Archaea domains. A limitation to the activity of 51 asymbiotic N-fixing organisms is the food source. Asymbiotic N-fixing bacteria are present in 52 nearly all cultivated soils (Wilson, 1958) .
53
Long-term no-till fields generally have a greater supply of C and more diverse C sources 54 compared to a conventional-tilled soil (Awale et al., 2013; Smith et al., 2016) . Also, the greater 55 stable aggregation in a no-till soil would provide a habitat for N-fixers and protect them from 56 biocides that they might otherwise encounter (Gupta and Roper, 2010) .
57
Microbial communities found in stable aggregates under no-till have a greater range of 58 soil organic matter cycling-process rates than similar microbes in conventional systems where 59 aggregates are disturbed or destroyed. No-till management systems are associated with greater 60 number of N-fixing genes compared to soil from conventional-till fields (Smith et al., 2016) .
61
There is no literature specifically comparing asymbiotic N-fixing in soils due to tillage 62 differences. The objective of this study is to determine whether asymbiotic N-fixing is different 63 in long-term no-till fields compared to adjacent fields in conventional tillage. Web Soil Survey was used as a guide to which area of the paired fields would represent a similar 70 soil at each paired site (https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx ). One 71 soil of each pair was located in a no-till field with at least 6 years continuous no-till. No-till for 72 the purposes of these comparisons included a 'purist' no-till, with only the seed disc cutting 73 through the residue to the soil; strip-till, where a residue managers remove the residue from 74 about 20% of the soil surface and a thin shank penetrates to the soil to about 20cm in depth, but 75 leaves the rest of the soil undisturbed; and one-pass seeding, which is a shallow tillage using 76 field cultivator shovels no deeper than 5cm at the time of seeding. The no-till location was 77 directly across the fence, or road, no more than 50 meters away from the conventional tillage 78 location.
79
Locations of the sites are provided in Figure 1 . The locations were widely distributed 80 within North Dakota. Samples were obtained during spring thaw before any spring field work 81 was performed. The frost depth at the four northernmost sites was about 15cm below the soil 82 surface, and frost depth at the remaining sites was about 30 cm below the surface. For each 83 sample, the residue was brushed from the soil surface at a location about 40 meters inside the 84 field boundary to avoid end-rows. A clean knife was used to scribe a 10 cm diameter cylinder of 85 soil 5 cm deep. The cylinder was lifted from the soil using a stainless steel spatula and wrapped 86 in aluminum foil to keep the soil intact as much as possible. The wrapped cylinder was then 87 placed in a 11.4-cm diameter, 8.3-cm deep Ziploc ® screw-lid container and placed in a cooler.
88
The knife and spatula were cleaned of soil between sites. Samples were stored in a refrigerator at 89 -14 o C until ready to ship for analysis. Previous crop and soil series for each site are listed in 90 Table 1 .
91
Samples were shipped to and analyzed by the Wetland Biogeochemistry Laboratory,
92
University of Florida, Gainesville, FL, USA. Despite careful sampling, wrapping and shipping procedures, the samples did not arrive in a state that would allow an intact incubation. The soils 94 were too dry at the time of sampling for them to remain as an undisturbed unit. The soils were 95 therefore incubated separately as a bulk sample. Estimated N fixed per day utilized a 3:1 96 acetylene to N reduction ratio suitable for arable soils (Seitzinger and Garber, 1987) .
97
Nitrogen fixation potential of soil was assessed with the acetylene reduction assay using 98 the procedures of Inglett (2013) and Matson et al. (2015) . Briefly, soil samples were stored at 4° 99 C until analysis (no more than 3 days). Soil samples were homogenized by hand mixing and 100 added to 125 mL glass jars with metal, sealing lids which were ported to receive a luer 101 connection, stopcock and syringe needle port. Two samples of field moist soil were prepared for 102 each site with an additional sample taken for separate dry weight determination at 105° C.
103
To one set of prepared jars, acetylene (generated by adding water to CaC 2 ) was added to 104 each jar to enrich the headspace to approximately 10% by volume. Gas samples were taken at 4, 105 12, and 48 hours of incubation for determination of ethylene production from both acetylated and 106 control (non-acetylated) soils. Ethylene values of acetylated jars were then corrected for 107 ethylene in both the added acetylene (gas blanks) and that produced by the soil in the 108 unacetylated controls. Gas samples were analyzed for ethylene using a Shimadzu GC-8A gas 109 chromatograph equipped with a flame ionization detector (110°C) and a Poropak-N column 110 (80°C). Two standard gases (1 ppm and 10 ppm; Scott Specialty Gases, Inc., Plumsteadville, PA) 111 were used to calibrate the measurement, which was expressed as nmol C 2 H 4 g dw -1 soil d -1 . The 112 data were subjected to statistical analysis in SAS 9.2 (SAS Institute, Cary, NC, USA) as a paired 113 t-test, using a 95% confidence interval. considered to be 'conventional tillage' at these sites was actually a one-pass seeding. The higher 135 rates of acetylene reduction in the conventional till soils at these sites compared to reduction 136 rates at other conventional till sites over the study suggest that the true tillage management was 137 mischaracterized.
138
The previous crop is noted in Table 1 for the record, but it is unlikely that a previous crop 139 had any influence on acetylene reduction results. For example, 3 sites had spring wheat as 140 previous crop before no-till and conventional till soils (Amidon, Lansford and Bottineau).
141
Although the acetylene reduction rates for conventional and no-till soils at Lansford and 142 Bottineau soils were not different, the acetylene reduction rates for soils at Amidon were greatly 143 different.
144
An estimate of g N fixed ha -1 day -1 is provided (Table 2 ). If we use the mean difference in 145 these comparisons of 0.48 nmol C 2 H 4 reduced g -1 DW soil day -1 in conventional-till compared 146 with 1.13 nmol C 2 H 4 reduced g -1 DW soil day -1 in no-till, and a factor of 2.35 for C 2 H 4 to N, we 147 can calculate an estimate of the growing season N contribution in no-till. That value would be 148 23.5 kg N ha -1 for a 100 day growing season -1 ; an increase of 13.5 kg N ha -1 per season over a 149 conventional till soil. The 13.5 kg N ha -1 increase available in no-till from conventional till is 150 approximately one-quarter to one-third of the N of the N reduction indicated from N-rate studies 151 on no-till compared to conventional till in North Dakota. 
